TITLE OF THE INVENTION 

FIXING APPARATUS 

CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the 
benefit of priority from prior Japanese Patent 
Application No. 2003-082917, filed March 25, 2003, the 
entire contents of which are incorporated herein by 
reference . 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

This invention relates to a fixing apparatus which 
is provided in an image forming apparatus such as a 
copying machine or a printer, for fixing a developer- 
image on a paper sheet. 

2. Description of the Related Art 

In an image forming apparatus utilizing a digital 
technique, e.g., an electronic copying machine, when 
a document table on which an original is placed is 
exposed, light reflected from the document table is 
guided to an optical/electrical converting element such 
as a CCD (charge coupled device) . 

The CCD outputs an image signal corresponding to 
an image of the original. A laser beam corresponding 
to the image signal is radiated onto a photosensitive 
drum, thereby forming an electrostatic latent image on 
a circumferential peripheral surface of the photo- 
sensitive drum. The electrostatic latent image is 



visualized by developer. To the photosensitive drum, a 
paper sheet is fed in accordance with rotation of the 
photosensitive drum. The above visualized image 
(developer-image) on the photosensitive drum is 
transferred onto the paper sheet. Then, the paper 
sheet is fed to a fixing apparatus. 

The fixing apparatus comprises a heat roller and a 
pressure roller which rotates along with the heat 
roller while being in pressure-contact with the heat 
roller. The fixing apparatus holds the paper sheet 
between the heat and pressure rollers, and fixes the 
developer onto the paper sheet due to heat of the heat 
roller, while transferring the paper sheet. 

In order for the heat roller to generate heat, 
there is a method of carrying out induction heating. 
In the induction heating, a high-frequency current is 
made to flow through a coil, as a result of which a- 
high-f requency magnetic field is generated from the 
coil, and an eddy current is generated by the heat 
roller due to the high-frequency magnetic field. 
Consequently, the heat roller generates heat by itself 
due to Joule heat generated by the eddy current. 

In a fixing apparatus utilizes such induction 
heating, a first coil is provided in a position 
corresponding to a substantially center portion of the 
heat roller in the axial direction thereof, and second 
coils are provided in positions corresponding to the 
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both end portions of the heat roller in the axial 
direction thereof, and the first and second coils are 
selectively driven. 

To be more specific, when a paper sheet having a 
5 small size (A4R) is applied, it contacts only the 

substantially center portion of the heat roller in the 
axial direction thereof. In this case, only the first 
coil is driven, since it suffices that only the 
substantially center portion of the heat roller is 
10 heated (since the both end portions are not required to 

be heated) . 

When a paper sheet having a regular size (A4) is 
applied, it contacts the entire area of the heat roller 
in the axial direction. In this case, both the first 
15 and second coils are driven in order that the entire 

area of the heat roller be heated. However, actually, 
. the first and second coils are alternately driven so - 
that the power consumption falls within a rated power. 
When the first and second coils are alternately 
20 driven, it is necessary to uniformly maintain the heat 

of the entire area of the heat roller. 

However, in the case where the amount of heat 
transmitted to the paper sheet is large, or in the case 
where a heat roller having a small heat capacity, e.g. 
25 a heat roller having a thin structure, is adopted in 

order to shorten the time period required for warming 
up the fixing apparatus, the temperature of the 



substantially center portion of the heat roller lowers 
when driving of the first coil is stopped, and the 
temperatures of the both end portions of the heat 
roller lower when driving of the second coil is 
stopped. Such lowering of the temperature of the 
substantially center portion or the end portions 
adversely affects the fixing operation of the fixing 
apparatus . 

BRIEF SUMMARY OF THE INVENTION 
The present invention has been made in considera- 
tion of the above circumstances, and its object is 
to provide a fixing apparatus which can avoid lowering 
of the temperature at its part or parts, and can 
necessarily properly achieve an fixing operation, and 
thus has a high reliability. 

The fixing apparatus according to the first aspect 

comprises- a heating member including at least a 

conductor, an induction heating coil comprising first 
and second coils, a first resonant circuit including 
the first coil as a structural element, a second 
resonant circuit including the second coil as a 
structural element, and a driving circuit for driving 
the first and second resonant circuits at a plurality 
of frequencies, wherein the first and second resonant 
circuits have different resonance frequencies. 

Additional objects and advantages of the invention 
will be set forth in the description which follows, and 
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in part will be obvious from the description, or may be 
learned by practice of the invention. The objects and 
advantages of the invention may be realized and 
obtained by means of the instrumentalities and 
5 combinations particularly pointed out hereinafter, 

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
The accompanying drawings, which are incorporated 
in and constitute a part of the specification, 
illustrate presently preferred embodiments of the 
10 invention, and together with the general description 

given above and the detailed description of the 
preferred embodiments given below, serve to explain the 
principles of the invention. 

FIG. 1 is a view showing the structure of each of 
15 the embodiments of the present invention. 

FIG. 2 is a block diagram of a control circuit 
in an electronic copying machine in each of the 
embodiments of the present invention. 

FIG. 3 is a block diagram of an electric circuit 
20 in the first and second embodiment of the present 

invention. 

FIG. 4 is a view showing frequency-output 
characteristics of series resonant circuits in the 
first embodiment of the present invention. 
25 FIG. 5 is a view showing a comparison between 

induction heating ratio at the time of heating a center 
portion and an induction heating ratio at the time of 
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heating both end portions. in each embodiment of the 
present invention . 

FIG. 6 is a view showing a relationship between 
the outputs of the series resonant circuits and 
5 temperature changes of given portions of a heat roller 

in each embodiment of the present invention. 

FIG. 7 is a view showing frequency-output 
characteristics of series resonant circuits in the 
second embodiment of the present invention. 

10 FIG. 8 is a block diagram of an electro circuit in 

the third embodiment of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[1] The first embodiment of the present invention will 
be explained with reference to the drawings. 

15 In an image forming apparatus such as a compound 

electronic copying machine, an original placed on 
a document table of the apparatus is exposed, and 
light reflected from the original is guided to an 
optical/electrical converting element such as a CCD. 

2 0 The CCD outputs an image signal corresponding to an 

image of the original. A laser beam corresponding to 
an image signal obtained from the CCD is radiated onto 
a photosensitive drum, thereby forming an electrostatic 
latent image on a circumferential peripheral surface of 

25 the photosensitive drum. The electrostatic latent 

image is visualized by developer (toner) . The 
visualized image (developer-image) on the 



photosensitive drum is transferred onto a paper sheet. 
The paper sheet is then transferred to a fixing 
apparatus as shown in FIG. 1. 

The operation from reading of the original to 
feeding of an image is well known, and its detailed 
explanation will thus be omitted. 

A fixing apparatus 1 according to the first 
embodiment comprises a heat roller 2 and a pressure 
roller 3 which rotates along with the heat roller 2 
while being in pressure-contact with the heat roller 2. 
The fixing apparatus 1 holds a paper sheet S between 
the heat roller 2 and the pressure roller 3, and fixes 
a developer-image T on the paper sheet S due to heat of 
the heat roller 2, while moving the paper sheet S. 

The heat roller 2 is formed of conductive material 
such as iron. To be more specific, the conductive 
material is shaped cylindrically, and coated with 
Teflon or the like, thereby providing the heat roller 
2. The heat roller 2 is rotated in a clockwise 
direction in FIG. 1. On the other hand, the pressure 
roller 3 is rotated in a counter-clockwise direction in 
FIG. 1 by rotation of the heat roller 2. The paper 
sheet S passes through a contact portion between the 
heat roller 2 and the pressure roller 3, and is heated 
by heat of the heat roller 2, as a result of which the 
developer-image T on the paper sheet S is fixed. 

In the inner space of the heat roller 2, coils 4a, 



4b and 4c for induction heating are provided. The 
coils 4a, 4b and 4c are wound around a core 5 and held 
thereby. Also, the coils 4a, 4b and 4c generate a 
high-frequency magnetic field for induction heating. 
When the high-frequency magnetic field is generated, an 
eddy current generates at the heat roller 2, and the 
heat roller 2 generates heat by itself due to Joule 
heat by the eddy current. 

In a region surrounding the heat roller 2, a 
stripping claw 6, a cleaning member 7 and a coating 
roller 8 are provided. The stripping claw 6 strips the 
paper sheet S from the heat roller 2. The cleaning 
member 7 removes toner and waste paper or the like, 
which remain on the heat roller 2, therefrom. The 
coating roller applies a release agent on a surface of 
the heat roller 2. 

FIG. 2 shows a control circuit of the image 
forming apparatus . 

In the control circuit, a control panel controller 
31, a scan controller 32 and a print controller 40 are 
connected to a main controller 30. The controller 
panel controller 31, the scan controller 32 and the 
print controller 40 are subjected to centralized 
control by the main controller 30. 

To the scan controller 32, a scan unit 33 for 
reading an original is connected. To the print 
controller 40, a ROM 41 for storing a control program, 
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a RAM 42 for storing data, a print engine 43, a paper 
feeding unit 44, a process unit 45 and the above fixing 
apparatus 1 are connected. The print engine 4 3 
comprises a driving system for driving the above laser 
5 beam, etc. The paper feeding unit 44 comprises a 

feeding mechanism for feeding the paper sheet S and a 
driving circuit for driving the feeding mechanism, etc. 
The process unit 45 comprises a photosensitive drum and 
its peripheral member. 

10 An electric circuit of the fixing apparatus 1 is 

shown in FIG . 3 . 

Of the coils 4a, 4b and 4c in the heat roller 2, 
the coil 4a (first coil) is located in a position 
corresponding to a substantially center portion of the 

15 heat roller 2 in the axial direction thereof. The 

coils 4a and 4c are connected in series to serve as a 
single coil (second coil). The coil 4b is located in a 
position corresponding to one end portion (left end 
portion) of the heat roller 2 in the axial direction of 

20 the heat roller 2, and the coil 4c is located in a 

position corresponding to the other end portion (right 
end portion) of the heat roller 2 in the axial 
direction thereof . 

When a paper sheet S having a small size (A4R) is 

25 subjected to fixing, the coil 4a is used. When a paper 

sheet having a regular size (A4) is subjected to 
fixing, the coils 4a, 4b and 4c are used. The coils 



4a, 4b ad 4c are connected to a high-frequency 
generating circuit 60. 

A temperature sensor 11 is provided for the 
substantially center portion of the heat roller 2 in 
the axial direction thereof, and a temperature sensor 
12 is provided for the other end portion of the heat 
roller 2. The temperature sensors 11 and 12 are 
connected along with a driving unit 10 for driving and 
rotating the heat roller 2, to the print controller 40. 

In addition to a function of controlling the 
driving unit 10, the print controller 40 has a function 
of controlling driving of a first series resonant 
circuit and that of a second series resonant circuit, 
which will both be described later, in accordance with 
the size of the paper sheet S and the temperatures 
sensed by the temperature sensors 11 and 12. The first 
series resonant circuit includes the coil 4a as a 
structural element, and the second series resonant 
circuit includes the coils 4b and 4c as structural 
elements . 

The high-frequency generating circuit 60 generates 
a high-frequency power for generation of a high- 
frequency magnetic field, and comprises a rectifier 
circuit 61 and a switching circuit 62 connected to an 
output terminal of the rectifier circuit 61. The 
rectifier circuit 61 rectifies the AC voltage of a 
commercial AC power supply 70. The switching circuit 
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62 comprises capacitors 63, 64 and 65. The capacitors 

63 and 65 and the coil 4a constitutes the above first 
series resonant circuit, and the capacitors 64 and 65 
and the coils 4b and 4c connected in series constitute 

5 the above second series resonant circuit. These series 

resonant circuits are driven by a transistor 66 such as 
an FET, which serves as a switching element. 

The first series resonant circuit has a resonance 
frequency fl which is determined by inductance LI of 
10 the coil 4a, capacitance CI of the capacitor 63 and 

capacitance C3 of the capacitor 65. 

The second series resonant circuit has a resonance 
frequency f2 which is determined by total inductance L2 
of the coils 4b and 4c, capacitance C2 of the capacitor 
15 64 and capacitance C3 of the capacitor 65. 

The first and second series resonant circuits have 
frequency-output characteristics in which their 
resonant respective frequencies (fl and f2) are 
different, and they have the same half-width, as shown 
20 in FIG. 4. 

To be more specific, the first resonant circuit 
has frequency-output characteristics in which the 
output PI of the coil 4a is maximum when the frequency 
of a driving signal is equal to the resonance frequency 
25 fl, and the output PI of the coil 4a lowers as the 

frequency of the driving signal increases or decreases 
with respect to the resonance frequency f 1 . The 



difference between the driving signal frequencies at 
which the output PI of the coil 4a is half its maximum 
value and which are either side of the resonance 
frequency fl is referred to as the half-width of the 
frequency-output characteristics of the first resonant 
circuit • 

The second resonant circuit has frequency-output 
characteristics in which the output P2 of the coils 4b 
and 4c is maximum when the frequency of the driving 
signal is equal to the resonant frequency f2, and 
the output P2 of the coils 4b and 4c lowers as the 
frequency of the driving signal increases or decreases 
with respect to the resonant frequency f 2 . The 
difference between the driving signal frequencies at 
which the output P2 of the coils 4b and 4c is half its 
maximum value and which are either side of the resonant 
frequency f2 is referred to as the half-width of the 
frequency-output characteristics of the second resonant 
circuit . 

The transistor 66 is turned on/off by a controller 
80 in response to a control signal from the print 
controller 40. The controller 80 comprises an 
oscillator circuit 81 and a CPU 82, and generates and 
outputs, from the oscillator circuit 81, a driving 
signal having a predetermined frequency for the 
transistor 66 . 

Furthermore, the print controller 40 and the CPU 
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82 have, as their main functions, the following means 
(1) and (2), which are to be respectively applied to 
the case where fixing is performed on a paper sheet S 
having a small size (A4R) and the case where fixing; 
5 is performed on a paper sheet S having a regular 

size (A4) . 

(1) means for driving the first series resonant 
circuit such that induction heating is carried out 
mainly by the coil 4a, i.e., means for making the 

10 oscillator circuit 81 output a driving signal having 

a frequency (fl - A fa) close to the resonance 
frequency fl of the first series resonant circuit, and 
enabling/disabling the outputting operation of the 
oscillator circuit 81 so that the temperature sensed by 

15 the temperature sensor 11 is constantly kept at a 

predetermined value; and 

- - (2) means, including (i) means for driving the 
first series resonant circuit such that induction 
heating is carried out mainly by the coil 4a, and (ii) 

20 means for driving the second series resonant circuit 

such that induction heating is carried out mainly by 
the coils 4b and 4c, for effecting switching between 
the above two means for driving the first and second 
series resonant circuits, i.e., means for making the 

25 oscillator circuit 81 alternately output a driving 

signal having a frequency (fl - A fa) close to the 
resonance frequency fl of the first series resonant 



circuit and a driving signal having a frequency (f2 - 
Afb) close to the resonance frequency f2 of the second 
series resonant circuit, and enabling/disabling the 
above output operation by the oscillator circuit 81 so 
that at least the temperature sensed by the temperature 
sensor 11 provided for the substantially center portion 
of the heat roller 2 is constantly kept at a predeter- 
mined value. 

In the first embodiment, the ratio (induction 
heating ratio) of the amount of induction heating by 
the coil 4a provided for the substantially center 
portion of the heat roller 2 to that of induction 
heating by the coils 4b and 4c provided for the both 
end portions of the heat roller 2 is set at 9:1 
(810 W:90 W) when mainly the center portion of the heat 
roller 2 is heated, and it is set at 3:7 (270 W:630 W) 
when -mainly the both end portions of the heat roller 2 
are heated. 

The above ratios (induction heating ratios) of the 
amount of induction heating by the coil 4a to that of 
induction heating by the coils 4b and 4c are not 
limited to "9:1" and "3:7", respectively. They can be 
set at arbitrary values. 

Next, the operation of the above structure will be 
explained with references to FIGS. 5 and 6. 

In the case where fixing is performed on a paper 
sheet S having a small size (A4R) , a driving signal 



- 15 - 



having a frequency (fl - A fa) close to the resonance 
frequency fl of the first series resonant circuit is 
output from the oscillator circuit 81. Thereby, a 
high-frequency magnetic field having an output P1A (= 
810 W) is generated from the coil 4a, and heats mainly 
the substantially center portion of the heat roller 2 
in the axial direction thereof. Also, a high-frequency 
magnetic field having an output P2A (= 90 W) is 
generated from the coils 4b and 4c, and heats the both 
end portions of the heat roller 2 in the axial 
direction thereof. However, the temperature rise of 
each of the both end portions is small, since the 
output P2A (90 W) is small. In such a manner, in the 
above case, the output of the magnetic field generated 
from the coils 4b and 4c is required to be reduced as 
much as possible, since the paper sheet S having a 
small size (A4R) does not pass through the both end- 
portions of the heat roller 2. In the present 
invention, the above requirement is satisfied as 
described above. 

In the case where fixing is performed on a paper 
sheet having a regular size (A4), a driving signal 
having a frequency (fl - A fa) close to the resonance 
frequency fl of the first series resonant circuit and 
a driving signal having a frequency (f2 - Afb) close 
to the resonance frequency f2 of the second series 
resonant circuit are alternately output from the 
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oscillator circuit 81. 

To be more specific, first, a high-frequency 
magnetic field having an output Pl^ (810 W) is 
generated from the coil 4a by the driving signal having 
5 the frequency (fl - A fa) as shown in FIG. 6, and heats 

the substantially center portion of the heat roller 2 
in the axial direction thereof as main heating. As a 
result, the temperature tl of the substantially center 
portion of the heat roller 2 increases. At the same 

10 time, a high-frequency magnetic field having an output 

P2A (= 90 W) is generated from the coils 4b and 4c, and 
heats the both end portions of the heat roller 2 in the 
axial direction thereof as sub heating. However, the 
temperature rise of each of the both end portions is 

15 small. In this case, the ratio of the output P1A to 

the output P2A is "9:1". 

- Subsequently, a high-frequency magnetic field 

having an output P2B (= 630 W) is generated from the 
coils 4b and 4c by the driving signal having the 

20 frequency (f2 - Afb), and heats the both end portions 

of the heat roller 2 in the axial direction thereof as 
main heating. At the same time, a high-frequency 
magnetic field having an output P1B (= 270 W) is 
generated from the coil 4a, and heats the substantially 

25 center portion of the heat roller 2 in the axial 

direction thereof as sub heating. At this time, the 
ratio of the output P2B to the output P1B is 7:3. In 



such a manner, the amount of the sub heating is set to 
satisfy "P2A ^ P1B", whereby lowering of the tempera- 
ture tl of the substantially center portion is 
restricted while increasing the temperature t2 of each 
of the both end portions. 

Thereafter, the control of switching the coil for 
use in the main heating from the coil 4a to the coils 
4b and 4c and vice versa is repeated in the above 
manner . 

By virtue of the above features, the temperature 
of the substantially center portion of the heat roller 
2 is prevented from lowering, and also the temperatures 
of the both end portions of the heat roller 2 is 
prevented from lowering, unlike the conventional 
apparatus. In such a manner, the present invention 
prevents lowering of a part or parts of the heat 
roller, which would occur in the conventional 
apparatus. Accordingly, fixing can be properly 
achieved whenever it is carried out, thus greatly 
improving the reliability of the fixing. 

In the first embodiment, the driving frequencies 
of the first and second series resonant circuits are 
set at "(fl - A fa)" and "(f2 - Afb)", respectively. 
However, they may be "(f2 + Afb)" and "(fl + A fa)", 
respectively. 



[2] The second embodiment of the present invention 
will be explained. 

According to the second embodiment , the first and 
second series resonant circuits have frequency-output 
characteristics in which their resonance frequencies fl 
and f2 are different and their half-widths are 
different as shown in FIG. 7. 

The print controller 40 and the CPU 82 have, as 
their main functions, the following means (11) and 
(12) , which are to be respectively applied to the case 
where fixing is performed on a paper sheet S having a 
small size and the case where fixing is performed on a 
paper sheet S having a regular size: 

(11) means for driving the first series resonant 
circuit such that induction heating is carried out 
mainly by the coil 4a, i.e., means for making the 
oscillator circuit 81 output a driving signal having a 
frequency equal to the resonance frequency fl of the 
first series resonant circuit, and enabling/disabling 
the outputting operation of the oscillator circuit 81 
so that the temperature sensed by the temperature 
sensor 11 is constantly kept at a predetermined value; 
and 

(12) means, including (i) means for driving the 
first series resonant circuit such that induction 
heating is carried out mainly by the coil 4a, and (ii) 
mean for driving the second series resonant circuit 



such that induction heating is carried out mainly by 
the coils 4b and 4c, for effecting switching between 
the above two means, i.e., means for making the 
oscillator circuit 81 alternately output a driving 
signal having a frequency equal to the resonant 
frequency fl of the first series resonant circuit and a 
driving signal having a frequency equal to the resonant 
frequency f2 of the second series resonant circuit, and 
enabling/disabling the above output operation by the 
oscillator circuit 81 so that at least the temperature 
sensed by the temperature sensor 11 provided for the 
substantially center portion of the heat roller 2 is 
constantly kept at a predetermined value. 

The operation of the above structure will be 
explained. 

In the case where fixing is performed on a paper 
sheet S having a small size (A4R) , a driving signal 
having a frequency equal to the resonance frequency fl 
of the first resonant circuit is output from the 
oscillator circuit 81. Thereby, a high-frequency 
magnetic field having an output PI (= 810 W) is 
generated from the coil 4a, and heats the substantially 
center portion of the heat roller 2 in the axial 
direction thereof. Also, a high-frequency magnetic 
field having an output P2 (= 90 W) is generated from 
the coils 4b and 4c, and heats the both end portions of 
the heat roller 2 in the axial direction thereof. 
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However, the temperature rise of each of the both end 
portions is small. 

In the case where fixing is performed on a paper 
sheet S having a regular size (A4) , a driving signal 
5 having a frequency equal to the resonant frequency fl 

of the first series resonant circuit and a driving 
signal having a frequency equal to the resonant 
frequency f2 of the second series resonant circuit are 
alternately output from the oscillator circuit 81. 
10 The other structure, operation and advantages of 

the second embodiments are the same as the corre- 
sponding structure, operation, advantages of the first 
embodiment. 

[3] The third embodiment of the present invention will 

15 be explained. 

FIG. 8 shows a circuit diagram of the circuit 
according to the third embodiment which is a 
modification of the circuit applied to each of the 
first and second embodiments. 

2 0 As shown in FIG. 8, in the third embodiment, the 

fixing apparatus 1 includes the coils 4a and 4b only, 
i.e., it does not include the coil 4c, unlike the 
circuit shown in FIG. 3. The other structural 
features, operation and advantages are the same as 

25 those of the first and second embodiments, and their 

explanations will thus be omitted. 

Additional advantages and modifications will 



readily occur to those skilled in the art. Therefore, 
the invention in its broader aspects is not limited to 
the specific details and representative embodiments 
shown and described herein. Accordingly, various 
modifications may be made without departing from the 
spirit or scope of the general inventive concept as 
defined by the appended claims and their equivalents. 



